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Abstract. In GWAS analysis, gene-based tests of association has become an important
alternative to the tradition single-marker association analysis. However, several statistical
issues limited the performance of gene-based tests when assessed to real data. Here we
introduce a new test to provide a p value for a gene by using extended Rasch Models. It
provide a score for each individual in GWAS by aggregate genotypes of SNPs within a gene
and the weight of each SNP. In a variate of simulation, this test maintained a correct false
positive rate and its power exceeded other tests when the number of disease related SNP
increased. This test can be generized to multivariate traits analysis.
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1 Introduction

Genome-wide association studies (GWAS) are increasingly used for identification of genetic as-
sociations for complex diseases. Traditionally, single nucleotide polymorphism (SNP) are tested
individually. Recently, a gene-based approach consider association between diseases and all SNPs
within a gene becomes increasingly important. As a matter of fact, in Genetics, the gene is often
considered as the unit of interest as the analyses of the functional mechanisms of a disease are
generally based on genes and their products such as RNA or resulting proteins[1]. To derive a
gene-level measure of significance, such as a test statistic or a p-value, one needs to combine the
results of all the SNPs corresponding to the gene.

Computing a single p-value per gene raises several statistical issues. First, several SNPs are
usually genotyped within a gene and combining the results of each individual SNP test outcome
corresponds to a multiple-testing situation. In addition, markers within a gene are usually closely
located on the genome and therefore likely to be in linkage disequilibrium (LD). This LD pattern of
a gene leads to a situation of multiple-testing with dependent tests. Hence, a gene-based association
approach considering this two issues is often of interest.

A number of gene-based tests have been proposed such as GATES[2], margin and VEGAS[3].
However, most current gene-based tests consider combining single SNP association p value to
compute a gene-based test statistic. These methods may ignores the potential joint effect of SNPs
within a gene. Moreover, the permutation process to account for confounding factors required in
several approaches is quite time and computation consuming.

Therefore we proposed a new gene-based association test using extended Rasch Models[4] . This
test can combine the genotypes of all SNPs within a gene to produce a score for each individuals and
then to derive a gene-level p value.It is also less time consuming than permutation. Rasch Model
is a generalized linear model for analyzing categories data to measure variables. Rasch models
are increasingly being use in many areas such as education and clinics [5], but never applied to
genetics. After study, we found that Rasch models can be adapted to the analysis of GWAS data.
GWAS data is consisted by a set of SNP that values are categorized in 0, 1 and 2 as items with 3
categories. The probability of linkage between a set of SNP and disease can be estimated as latent
trait in the Rasch models, so a p-value can be derived for each gene. Compared to other statistical
tests which calculate p-value for each SNP, Rasch models consider the pattern of every SNP in a
gene. The application of Rasch on GWAS data may offer a better solution for genetic disorders
research.

In a series of simulation with different scenarios (number of DSL, relative risk, LD structure of
genes) we compared the extended Rasch Models to 6 other gene-based association tests: minP[6],
margin test[7], goeman test[8], GATES, SKAT, Fisher’s method. In the comparison, the extented
Rasch models maintain correct false positive rate in different situation and it has the highest power
when the number of disease related SNPs exceeds 7 in simulation.

This gene-based test can be further extended to treat GWAS data with multivariate phenotypes,
which is of interest in GWAS study but few approaches have been developed for.
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